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ASSTRACT

Iz exder ts establish realistic design criteris applicavle te
aerciynasicelly heated materials and their ccxplex ccxbinaticns of
temperature, time and siress exposure and inspection criteria for
materials aftsr excosure te complex service copnditions, the tensile
properties ef 202;-T3 alclad and 7075-T6 alclad sheet were det:rnined at
roca texperaturs, 200, 300 and 400°F after single snd sequential multiple
exposure in the range 250 threugk 600°F. In sdditior, the Reckwell hardness
preperties at roox tezperature after the adbove expcsure conditions were
deterxzized te provide a basia for imsyecticn of aircrzft after service
exposure to aerodyna=ic or engine keatirg.

Five temsile properties were determined for etch expcsure ani test
condition. Three of these, the prozortional limit, modulus of eiasticity,
and percent elomgetion were tabulated and grephed in a non-dizensionel forz
to gereralize the data with respect to test mate-ial wariability. Since the
Field and ulitizete strengths deterzine the load carrying ebility, thess
tensile propertics were analyzed car=fully ard generalizations with respect
to exposure temsperature and time and testing teaperature were accozplished.
Statisticel celculuticns were zade to determine the 2 ccuracy of the varicus
analyses. The conclusion was reached that the yield gcd uliizate sirength
shalysis is adequaie for establishing design eriteria in the range reoon
temperature threugh 400°F, after ccaplex exposures to times froa 1.0 to 1000
kours at teaperztures from 25C¢ to 600°F.

H“aterial, eguiymeat, specimens and procedures are described in detail.
Test results are presented in the form of tables and curves to illustrate
tke effect 3f the exposure and test conditions ¢k the amterials under
investisetion and the effect of norseiization analyses on the generalization
of the data.
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The extension of aircraft operating spesds
region presenis ar extensive asmd impor-tant peeg
Sffects of service ilerperzture-tizms-siress hiztories to ihe mechz2pica
properiies of xetallic raterials. Iierefore, this investigaiion was esizb-
lisned thnrough WALDT by Joatract AF33(616)-302° in Mo, 1955

inforzztlioz for aircrafi desigr and inspection purposes.

=}

C test aircraft metellic zaterials under 213 of tihe coeplex eni cianging
coxpizaticns of terperature, tiwe end stress 0 whick serodyremically hested
Darts are sudjecied would be tixe comsuxing 2nd econamiczliy unfeasibie.
However, it is feasibie to saxpie through the range of itemperature, tixe and
stress expscted during supersonic flighis 2ad from the tests performed deduce
gezeralizetions applicable to all cambinations of ithe above variadles.

H

Tee investigation coasequectly was limited to simple multiple temperature-
¢iwe expesure seguences foliowed by temsile testirng at romm and elevated
temperetures. Tests to inciude the variable of stress were pot included in
iois progrem but are coatexplated as an extension of the program.

The objectives of this imvestigetion were specifically to (1) deterxine
tne tensilie properties tetween room temperature and LOOOF and tre rocm
iexperature rardcess of tvo elumicum alloys afier single and multiple exposures
iz tke rerge, rooe texperature through 6009F ard zero thrcugh 1000 kours,

{2) tsbulate the date 2nd plot the properties versus exposure time for various
exposure and testing tewxperatures ard exposure temperature for various exposure
tixes and testing terparatures acd (3) drav ceaclusions regazding limits for
prediction of mechanical DProperties under complex temperature-time conditiors
from the relaticnstips obteized under the simplier %test conditions.

MATERIAL

w0 .COL™ 2, 567 x 14k speets eack of the metailic materiais,
2025-T3 elcled aluminum alloy, specification QQ-A-362e, and T075-T6 alclad
alumimam alioy, specification QQ-A-287 vere used for all tests of this progrex.
For each alloy ihe siteets were selected from a single 3ot of material taken
at rapios from stock in the production warehouse of Northrop Aircraft, Inc.
Frcom oze sheet of each alloy verification tests of the room temperature
tensile properties sod chemical composition vere determined. Tre properties
ver2 foupd 10 be within the limits of tke applicable specificatiors as shown
below.
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Mapuscript reieassed by autkors 20 December 1956 for publication as a WADC
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ALLOYING ELEMENTS - PERCENT
Cu Mg Zn Mn Cr Fe si T
202k (Cote Material)
Yerification Test 1.64 .10 .67 .01 .23 .13 -

.32
Q-A-362a Limits 3.8 t01.2 t60.10 0.3 t090.25 0.5 0.5
k.9 1.8 Max. 0.9 Max. #ax. Max.

7075-T6 (Core ¥aterial)
¥Yerification Test 1.6 2.72 5.57 .026 .25 .39 .16 .07k

RR-4-287 Limits 1.2 to 2.1 to 5.1 to 0.03

0.18 to 0.7 0.5 06.20
2.0 2.9 6.1 Max. 0.5

Max. Max. Max,
TEESTLE PROPERTIXES
Yield Strengtih timate Strength Eloogation

osi osi 4 ic 2" g.1.

2024-T3 Alcisd, .06% gauge

Verification Test k3,700 67,500 20.0
QQ-5-362 Limits 50,000 wim. 62,000 =in. 15 min.

T075-16 Alclad, .063 gsuge

Verification Test 66,800 17,000 11.5
3Q-£-287 Lixits 62,000 min. 72,000 mim. 3 min.
AP TR 56-585 2
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TEST IQUIFMENT

The apparatus used to perform the axperimental portion of this investi-
gation comsisted of:

(1) Two furnaces, one oven and one aging block for unstressed
exposure of ile specimens to elevated temperatures
prior to tensile testing.

(2) A furnpace for exposure of tensile specimens to elevated
temperatures while tensile testing.

(3) Two universal testing machines ani associated equipment
for tensile testing of specimens.

(k) Tixree potertiometer tType multi-chanrel temperature recorders,
for multiple, continuocus exposure and testing temperature
records.

(3) A Rockwelli bardness tester.

The exposure and testing egulpment utilized in this investigation are
shown in Figures 1 through 10.

Circuieting Air Exposure Furnaces and Related Equipment

For unstiressed exposure of tensile specimens, two Pacific Scieatific
Co., Du-Al 1350 furnaces shown in Figure 1 were utilized for all exposure
tiwes. These furnaces are of the circulating air type with fap located in
verticel rear wall of workirg chamber and heating elemerts in vertical side
walls, shielded from working chamber by double sheet metal baffles. The fan
blows air to front of working chaxber and then between baffles and heating
elements back to fan where it is mixed and recirculated. Insulation is
provided by lightweight, high texperature, insulating brick. Working chamber
is 15.5 x 11 x 1% irches ip height, width, and depth respectively. Rated
electric pover imput is 5 kv aeximum, rated temrerature ranze is 2C0%F to
235007. Tecperature control is by a calibvrated C-iA 20 guage solld wire
therzocoupie lgezated in air at certer of workirg chazber aasd two and one-half
inckes veliew Lop furpace weli.

The control systex includes a Wheelco 507 Capacitrol stepless prcpor-
tioning irndicatirg controlier with 2 zero to 1600°F range, a Woeelco 610
E2gretic esplifier axi a2 Burton 5 Kva saturable reactor. Tze control thermo-
cotple voltage is fed into a galvancaeter, tie pointer of which indicates
texperature, A varne carried ty the texperature pointer acts as a valve for
tee heating control sysiex., As this vane spproackes the set control point,
it starts to pass tetween tke pickup coils of a single tuned grid, tuped
cathode oscilietor. Tke oscillator is designed to give maximum oscillation
whep the vape is at or atove the set temperature control position.

WADC TR 56-585 3




Proportionally less ani less oscillation cccurs over a bani of texperatures
beiow the set control position as the texperature difference between the vane
and set control position increases, Tke action of tke oscillator controls the
output sigpal voltege of the LO7 conmtroller., Maximum oscillaticn gives minizum
signal voltage and vice-versa. The sigpal voltage is fed to tke 610 magnetic
amplitier (pilot reactor) vhere the signal vower is boosted sufficiently to
Provide tce strong magnetic field necessary to saturate the Burton losd reactor.
When fully saturated due to maximm control signal power the load reactor
delivers maximum pover to the heating elements. Coaversely, minirmm power is
delivered to the beasting elements winen the load reactor has mipizum saturation,
i.e., vien minizmum comtrol signal power is received. Rated accuracy of the

%07 controller is 0.25% of full scale terperature renge. The inmput voltage

to the control system 1s stabilized by a voltage regulator to prevent drift

in the temperature control point,

To provide a xore constant exposure temperature and a greater rate of
approaching exposure temperature for the temnsile specimens than are pessible
with air contact, specimens were placed on metallic piates within the above
furpaces, For 0.1 apd 1.0 hour exposures the double platen heater shown in
Figure 2 was used. These platens were designed to provide a constant texper-
ature peat-sink during the ipsertion and removal of specimens froz the exposure
furnace. In addition, as the result of being sandwiched between tke platens
tte specimens approached and reached the exposure temperature in less than 30
seconds persitting close control of axposure time, Essentially, the platemns
are tvo larze mmsses of alumirum and steel which are heatea by the furpace to
the correct exposure texperature, Each viaten is solid aluximum dblock, 2.75 x
9 x 13 inchkes, surrounded on five sides by .375 inch steel plate, Due to its
lover Leat cornductivity as cosmpared to aluminum, the steel plate is used to
reduce heat losses in the platens during periods of loading and unloeding.
specimens, The mating surfaces of the platen are aluminua for good heat
conduction during exposure of specimens. The upper platen is lifted as needed
by a detechable lever arm.

For tke 10, 100, and 1000 hour exposures in the above furnmaces tne
texperature stabilizing plates shown in Figure 3 vere used., These plates
also provided a constant temperature heat sivk for the specimens, and the
someviat iopger time tc reach exposure temperature is pegligible in relation
to the exposure times,

Circuiatipz Air Cven and Relstied Eguip—ent

This oven, stown in Figures 1 ard L, wes constructed some years 230
by Northrop for elevated texperature use up to 500°F. It is of tte circu-
lating air type vith exterznal far whick blows air throvst 2 duct into the
bottom of the work chazber through the rear vertical wall ard exbausts the ajr
at rear of top wall into the returrp duct. Thoere are two separately controlled
electric heating urits: a 2.1 Kw finred unit lccated in tke inlet air duct;
ard a 1,25 Kw unit on a vertical baffle pear the rear wall of the working chacber.
Insylation is provided by trazsite sbeet and glass wool batting., Working aresa is
20 8 11 x 15 incktes in height, width, and depth respectively.

WADC TR 56-535 4
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Stabilizing *latena Used for the 0.1~ and 1.0-Hour Exposures,
Tensile Test Jizeimens, and Centrolling and Recording
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A Fepnwal thermostat, located at upper left cormer of working ckamber, contrcls
tie 2,1 Kv heater. A Chromslox #AR-5524 sealed mercury type thermostat
coatrols the 1.25 Kv heating unit, and the sensing element of this thermo-
stat is centered in front of the vertical beffle at toe rear wall of working
chazter,
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Temperature control of tte air ir this furmace is rather poor with about
z 2097 variation about comtrol point after stabilization. However, metal to
metal contact of specimens tetween the aluminum plates of the fixture shown in
Figure 5 reduced exposure temperature variation of the specimens to acceptable
lixits, This Zixture has provisico for raising and separating the indivicual
plates to per=it ipgertion of specimens between tue plates,

This furpace was pressed into service for 10 and 100 hour =xpcsures during
the seguential exposure tests whea it waa found that at leest three furraces
@ere required 1o permit time for tespersfure stabilization of furraces.

- -

Blocx

As an aitermate third specimen expoevre furnace during occasione break-
dcvr and rapair of some of ihe above fizraces, the Comet Model 600 laboratory
aging block skown in Figure 5 was usea for some 300 hour apecimen exposures.,
This block consists of a solid precisicn mschinad bleck of aluminum abcout 18
inchee it diameter €né 15 inches high with 13 wells, each oren at the Top.

The wvells are 1.75 inckhes in diameter and 1i inckes deep. Ax aluxinum plate
ccxpletely covers the bottom of the btiock and is removable for ease of main-
tenance, The Zells are symmetrically arrsnged ir the blcck on & 16,5 inck
centerline diameter, Five 500 watt, 220 volt, €0 cycle neater cartridges are
arranzged symmeirically in hcoles in the block on a five inch centerline jiameter.
Unit is designed Tor ciose ierperature control fro 10C°F tc 600%F. Mamifacturer
is Product Packsging Engineering , Cuiver Tity, Cslifornia.

Two texperature controllers it serles vitk ezch Giher apnd with tre Lkeat-
ing cariridges are usec far controi. A Femwal Thermosltat, Modei 17352, located
in 8 hole ir the center of toe aging block, is set slizhtly nigher itkran the
cperating texperature of the Partiow jirstrumert acd acts as 2 safety instrupent
<o prevent tesperature override in case Of malfunction of the Particy insiru-
ment. The Partlow Indicating 9:zperature Control, Model £18R €X1F110, cortrols
the tezperature of &2 anit., It is a mercury bulb, impulse type, prooorticning.-
taerzostatic conirol incorporating & stiff-leaf spripg attached to a swiick as
the proportioning device, The spring-swilch is attached o and folicws the
socvement of the block texperature indicating pointer ara. This pointer are is
moved up or dcwn the temperature scale in resporse o the expatsion or coeatrec-
tion of the mercury tuldb sensing eiement, As the pointer approackes the conmtrel
oropoartioning tand, the awitch approaches, as coastentiy turning cez, At the
iower eidge of the nmropariioning control bend, the switch coatscts the high Toint
of the ce= and opens for a very skhort time each cycie, At uprer ed ¢ of tke
oroporticning band the switch is opered for all of the cycle and p~wer is fur-
Gisked contirmually. Tne comtrel point wiil e at sope tempersturs -ithin the
propoarticaing berd depending on the power reguired to just aminisin a constant
texpersture, For this instrument, width of proportionirg terd is
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S00F: Scale range is 100-6509%7; line voltage is 220V, €0 cycle. The
Partlos instrument mercury bulb is located ia a hole in the aging block
betueen tvo of the wells.

Circuiating Air Testing Furnace & Reiated Equipsment

The Pacific Scientific TMB2020AS Testing furnace was used for all
exposures of tensiie specimens during tensile testing. This furmace, shown
in Pigure 6, is of the circuiating air type with fan located in vertical rear
wall of working chamber ani heating elements in verticai side walls, shielded
from vorking chambter ©y double sheet metel baffles, The fan blows air to
front of vorking chaxber and then bpetween belfles ani heating elements back
to fan vhere it is xixed and recircuiated.

Insulation is provided by lightveight, high tewperature, iasuviating
brick. Working chamber is 2C x 7.5 x 20 inckes in height, width, and depta
respectively. Rated eleciric poiver ipput is 7 kv maximm. Rated texperature
range is 200°% to 1060°7.

Temperature control is b7 a calibrated C-A 20 gauge solid wvire thermo-
ccuple located mear test specimen in vorking chamber. The temperature coutrol
instroment is a Ninmespolis-Honeywell Brovn Electronik recorder, 0-i200°F
range, wilh aa Elecircpulse time proportioniag relay. 3By proper adjustaent,
this comtrol turns the heater power on and off in a series of pulses, varied
so that toe texperature comtrol position is approached at the optimmz rate
and reacked without overshooting. Overali calitrated accuracy of the
recorder is 0.25% of full scale tempersture range.

Temperature Recorders

Three Erowvn Eiectrenix pitentiameter type sirip chart temperature
recorders were utllized To recard temperatures during specimen exposure and
testing. These ins uments are ecuipped with ope second, 12-point printing
Wheels and an additiomal timer to perxit recording for 30 seconds every 30
=augtes during 10, 100 ami 100D hour exposure periods. Contimaous 12 point
cycle recording s=s used during the 0.1 and 1.0 hcur exposure tests. Each
reccrder mas a rated accuracy of 0.25% Gf full scale temperature range. T%vo
o the recorders tave a fa3il scale of O. to GO0DOF ami the otker -7T5 6 575°F.
Trermocoiples used with the recorders are 20 gage soiid I-C (B-S) wire,
calidbrated at Northrop by camperison with seconiary standiard thermocouples,

5300 1b. Capacity Universal Testing Machine

Tu= Balavin-Tate-Exery, Model PIE, universal testing machine of 3000 1b.
maxizum capacity shown in Figure 7 was used for temsile testing in all but
ke iast series of seguentiai exposure tests (Tadles IXVII & X¥YYIY), This machine
incorporates en Erery hydraulic load messuring c2il and a Tate-Emery hydraulic-
oneumatic loed indicator. The load indicator kas four ranges 5000 lb.,
1000 1b., 200 lb., aad SC 1b. Eowever, only the first two ranges vere used.
Trhese ramges sre rated {o harve an error less ttan 0.5% of load reading or one

WADC TR 56-385 11
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division, whichever is greater. The least scale divisions are 5 1b. for the
5000 1b. locad indicator ramge and 1 lb. for the 1000 lb. range. The machine
is capable of loading in eitker temsion or campression.

Losding amd straining occurs vhen the crossheads are separated by the
mechanical power system. Straining crosshead is driven by two screws vhich
are rotated by a gear drive. The gear drive is powered by a DC motor (ome
EP) through a two-speed chain drive transmission. Variable crosshead
separation is provided through electronic comtrol of the power input to the
IC motor. Any setting of the speed control rheostat provides a coastant
rate of crosshead separation at that setting. Crosshead separatiom rates
are steplessly variable in two ramges, 0.0025 to 10 inches per mimute or
0.005 to 20 inches per minute.

For temsile testing hemispherical self-adjusting loading seats in test
machine crossheads conmect to high temperature extensiom loading rods, pin-
Joint specimen loading heads and temsiie specimens. Figwes §, 7, 8, 9,
and 10 show detalls of specimen loading assembly.

To graph load versus straia this sachine incorporates a Baldwiam MA-1,
microformer type recarder as shown in Figure §. The pem of this recorder
is attached mechanically to the load iméicatiag poimter of the machine to
record loed. Tke recorder drue with graph psper rotates in respomse to a
strain follover extensometer signal to record the strain in a temsile
specimen., Minimum ioedi divisiom on recorder graph is 0.01 of recorder losd
razge. Grapih record is on a drum permittinmg & maximme chart lesgth of 12
inctes for strain recording. Possible strain record magaificatioms with
either the Baidwin PS-5M or PSH-8MS strzin follower (extensometer) are
250:1, 500:1, and 1020:1. During this p:sogram omly the £250:1 magaificatioa
vith & minimum graph divisiom of 0.000h inci strrin was wtilized.

Figure 6 shous a typical test assexdly in the rurmace.

120,000 1b. Capacity Universal Testing Machine

A Baldvin-Tale-Eaery Universal testiag machine of 120,000 1b. mexismm
capacity #as used for the last series of sequertial exposure tests in this
ITogram because of repairs and alterations to the 5000 1b. capacity machime,
This zachine incorporates an Emery hyiraulic load measuring cell and a Tate-
Exery byirsulic-precmmtic loed indicator. The load indicator has three
ranges 120,000 1b., 24,000 ib., ani 6,000 1b. Only the lowest load range
was used. This range has a least divisiocn of 5 1t. and a rated maximm
error ¢f 0.5% of load or 0.10% of ramge, vhichever is the greater. The machine
is carabie of loading in either tension or compressiom.

iLGAdIing and straining otcurs whtn the crosshzalds arc soporateld Ty the
ram of the hydraviic power system. The rate of crosshead separation is
controlled by tvo hydraulic vaives, cpe for loading and one for unloading the
crosskeads. Crosstead separation rates are steplessly variable fraa zero to
six inches per mirute. Any setling of the losding or umlioading wvalve prcvides

WA | 56-385 12
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Pac. Sci. Circulating Testing Temperature
AAir Test Furnace Recording Thermoccuples

Brown Electronik v %
Proporiioning >
Controller-Recorder
{Not Shown)

Microformer MA-1
Load-Stirain
Recorder

.=

Figure 7. =levated Tesperature Testing Apparatus Showing Jirrulating Adr
Test Surnace, Tension Testing Machine, and ¥icroforzer necorder
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Figure 9. Modified Strain Follower Head and Extension Arms
for Baldwin PSH-8MS Extenscmster
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& c¢oastant speed of The hydraulic ram,

For tensile testing tte seze specimen loading assenmbly is used witn
{5 sachipe as with the 5000 lb. machine.

To graph loas versus strair the sere type of recorder is incorporated

with this smachine as with the 5000 lb. machire,

Rodz Texperature Extensceter

A Baldwin PS-5M sirein foliower extensozeter was used for strain

zeasurexents during eli room texperature tensile tests. Tris extenso-eter
is of the sversging, separadbie type irncorporating copical points for
contaciing opposite sides of the Test specimen, a2 two inch gege lergih el
.05 ingh maxizum extension. I% cen be used in testing flat and roung
spegizens wilth mexizux dimensions of .505 inches square or .505 irvches
2isgeter, A

typical rooz texperature testing assexbly is shown in Figure 10.

Zlevnled Texperature Extensczeter

A Balgwin PSE-BMS strain follower extensczeter was used for strain

seasusexents. Zuring all elevated terperature tensile tests. This exten-
sozeter is of the averaging, separable type incorporating conical poiats

for contecting oppcsite sides of the test specimen, & two inch gage lergth
ang .25 inch raxicum extension Guring testing. It is desigred for use at
texperatures up to 1600°F on sheet, plate, and round specicens with raximu=m
gimensiors of .505 inches sguare or .505 inches diazeter. This extensoxeter
bas been modified using longer extensicn arxs and 8 speciwen strain follower
nead of Horthrop design. The sirsin zeasuring lever ard microforzer coil
sy=tenm is unchenged. Figure 9 shkows detalls of the strain fellower teads
ard extension arrs in relatior to a tensile test specizen while Pigure 8
shows details of a typicel extenscxeter, temsile specizen asserebly.

Eardpess Tester

Two Rockwell standard bardress testers, ore rodel 3R and one rodel 4JR-PI,

marufactured by the Wilson Mechenical Instruzent Division of Americen Chain ani
Cable Co. were used to determipe the khardress of tensile test specirens.
ipstrucent accuracy was determined periodicaliz by coxparing instruzent readings
with Inown kardness of a calibrated test block.

EXPERIVMENTAL PROCEDURES
The experimental portion of tnis investization comsisted of:

{1) Preperaztion of temsile specizens.

(2} Unsiressed exposure ¢f tenmsile spacimens %o selected texperature -

tim= conditions.

XADC IR 56-585 ic
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Tensile tesis at seleciled texmperatures vith and without
pricor unstressed exposure.
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(4} =com texperature itersiie tests of specizens from each
material panel for coxparisorn with above teasile tests.

{5) Determination of interent errors ian zreasuring temperature,
vike, iscad and strain,
{6) Measurement of roor temperature hardness on all specimers

tested at rcom temperature.

Specizen Preparatior

Bech sheet used for testing wms cut iato panels large eucugh for 1%
specireas pleced side by side and tie axis of each specimen traasverse to
the rolling direcvion of the sheet, Each vanel was designated with a letter,
starving with A and going to Z, thes to A3, 35, etc. Th= panels vere used in
this sequence. Tke iwelve cuter speciress iu sach panel were nuztered
2ousecusively from one o twelive 2nd used for elewvated texperature exposure
axs tesiing. Toe xziddle two specimens vere pucbered Cl and CZ2 and used for
Foo= telperavure control tests ¥with which to coxpare the elewvated temper-
ature tasts of the sa=e papel, The co=plete designation for each specizen
wae $Fpicaiiy

231, 7212, AL

where the first digit éesigeetes the 81157, 2 Zor 262k ard 7 for TOT5, the
first laiter desiuzates Ine panel, ior secord letter, C, designates room
tazperature conirci specizen, only, and the secoad muxber or pair of mumbers
desigrotes the specimen,

This paxcel system of specizers was adcopied prisarily to minizize the
zaterisl yoristility factor in ésis emalysis,

Each specizen was Eechired to the configurstion of Figure 1. This pin
Joint coxfiguration was cheosen since 1t was telieved thnt improved alignment
And =Ore uniforz= stiressing conld be chbiaired than with the stardard QQ-M-i51
specizen clazmped In jaws, In addaticn, for elevated tempersture testing the
pin joinl {ype specizer was asscmivled zore easiiy and rapicdly than the standari
Tspe, thus causizg less temperature drcp o the testing furnnce daring assesmbdly
cf specimen api less recovery tize 10 the issting teEperature,

T¢ prepare tkhe specimens, pacels were cut into individual specimen blaenks
with their axis in the «irsciion transverse to the originel sheet rolling
diveciicn. Thed, eignt blunks at a tize were mililed in 8 fixture to the
reguired length, width, and reduced test section., Next each specimen ¥as
Tasternad securely in =z sicple driil fixlure vhich assured correct alignzent of
t&r roies with respect tc the iest section ard each pir jJoint hole drilled.
FPipaily, the zilied edges #ni surfaces of ithe r2duced test section of each
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speciren were smcothed of a&ll millirg marks and surface scratches with %GO
grit paper, the resultant finishing marks teing in the axial direction oxnly.

Upsiressed Exposures

Spcecizen exposure conditions were confined to sarpling the ternperature-
tize span in which aluminum alloys would be structurally useful when subjected
to aerodynamic heating. Singie exposures as well &s sequences of exposures
were investigated. To each single or sequential =zltipie temperature-time
condition a different group of twelve specizens were exposed. During expcsure
none of the cpecimens were subjected to externmally applied stresses.

First, a series of ringle exposures were performed as foilows to serve
es & pasis for comperison with the more complex exposure copditions.

Single Cxposure Conditions

202k-73 7075-T6
Terp.,°f?  Tire, Hours Tesp., OF Tixe, Hours
300 0.1, 1.0, 10, 100, 100D 250 100, 1000
kco 0.1, 1.0, 10, 100, 1000 360 0.1, 1.0, 10, 100, 1000
550 0.1, 1.0, 10, 100, 1000 100 0.1, 1.0, 10, 100, 1000
630 0.1, 1.0, 10 500 6.1, 1.0, 10, 100, 1000

Then 2 ceries of simple, sequential exposures were performed as follows to
approxirate cozplex exposure concéitions. These exposure sequences were
arranged vefore testing to attezpt to adequately sample the useful temperature-
tire span for the subject ailoys.

Seguential Exposure Conditions
1st Exposure 2nd Exposure 3rd Exposure 4th Exgosure

Sequence 1.0 Hour 10 Heours 130 Hours 3000 Hours
Suzber 2025-T3 Alloy
i 500°F 0% 0 emmmmee e -—
2 500°F %00°7 300°F @ cmeeee-
3 6006.? 5%% - - - -
i €00°7 500°F %00%F ———
5 £00°F 500°F LO0CF 3009
T075-76 Alloy
5 LC0OF 30097 0000 cmeeeem e
T Looo? 30097 25002 0 ccmeeee
g 500°7 kgoop c———— S
g 30007 400%? 3006F 000 eeeeee-
iC 50007 %D00F 300¢7 25COF

?\
\,

w
[\
Yoot
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Finally, an additional series of cimple sequential exposures were per-
formed as follows t0 £all eatirely on the critical inclired portion of
modified Larsen-Miller curves as determined from anslysis of da*s from the
first and second series of exposure tests.

Additional Sequential Exposure Conditions
ist Exposure Znd Exposure 3rc¢ Exposure iz Exposure
Sequence Tezp.CP Tike,Hrs. Temp.“P Time,Hrs. Tezp.UF Time,Hrs. Temp.OF Time,drs
292k-T3 Alloy

11 600 1.0 555 5.1 5iC 8.7 465 99.6
12 555 1.0 510 L3 465 2i.5 b0 126.1
13 510 1.0 k65 .6 k26 25.2 375 165.0
ik 465 1.0 520 5.0 375 30.0 330 219.0
T075-T6 Alloy
i5 500 1.0 %60 3.9 k20 17.5 360 90.5
16 460 1.0 k20 .2 380 20.2 320 113.%
i7 k2o 1.0 38¢ 4.5 3%0 23.4 300 145.1
13 380 1.0 340 4.8 300 27.7 260 191.7

The xethod of exposure included rapidly heating test specimens to the
required temperature, soadiking for the required ccsbinmaticn(s) of texperature
ard time ir circulating air furmaces, ovens ari aging block, and transferring
as rapidly as possible between furmaces or to the tensile testing equipment.
The method ¥Bs designe? especially for the shorter (0.1, 1.0 and 10 hour)
exposure periods, i.e., tensile specimens were inserted in the furnace so as tc
minimize the tizs {0 reach the exposure temperatures with the ainimua possitle
deviation and transferred to the next exposure furnace or tensiie testing
machipe in the minimum possible time.

Durirg the 0.1 and 1.0 hour exposures specizens wvere inseried tetweea the
platen heaters shown in Figure 2. Witk there plateps ike time *c r2ach exposure
temperature ezl the temperaturs deviatior curing exposure were the least of any
of the exvosure methods utiiized. Furtker, the furnace doors could be opened
without changing the tempersture of . heated platens or specicens already on
the pistens, thus permitting segeen.. .nsertion of the specimens., Measurexent
of expcsure time started at toe moment a specimean was inseried between the
platens and ended the momert the furmace dcor was opered to rexove the specimen.
The time for specimens to reach vithin 5OF o? the maxizum soaking temperature,
6C0%%, was 15-25 seconds. The time from ovening the furnace door to removing
8 spacizen vas 5-10 seconds.

y /'o' L)

[}

During the 10 hour end ionger exposurss speciaens were sandwiched Tetvesa
or laié upon 0.75" thick aluxinua plsies in the circulating air furnsces shown
in Figures R and & or suspended by vires from corks and suspended in air in
plugged ipdividual weile H5F the aging block showr in Figure 5. Tize %0 reach
the exposure iexrerature for these longer exposures wes negligibie (0.1% or lese
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of expcsure tize) in cozparison 0 the exposure tires. The temperaturs of
spacimens already on the aluminuxz platss or in ar aging bdlock well were rot
charnged by opening a fucpace door or rescring the cark from adjascent aging
block weils, thus rerzitting sequence IZnserticm of cpecimens. Exposure time
measurement sterted the moment 8 specimen vas 1aid on an siuminux piate or
inc arted In on aging Bl - weil azé ended the =aent the furcece coor was
crewad or cork removed from sging block weil

Temperasture seasurezent during exrosure was by 20 gavge soiid vire
iron-constactan therrocouvles. Theses thermocouples were calibrated prior
to use by corpariscon witt a platinum - 10% rhodiuz, platinum thermocouple
wnich hed besp standardized within the previous six zonths at the Batiomal
Bureau of Starderds. Texzperature recerding therrocGuples were ixbedded in
the piatens exd plates .05 inch below surfaces contacting specicezns or
ipserted ip eging Siock wells adjaceat to specizens. Three or more couples
were utilized to record temperatures atl the xinizzm, Pvan and paxizae
terparatures of esach furnace gr aging biock. ZEach therrocowpie tezpersture
was recorded on one Gf the Brown "Electrorik” potenti ~eter type recorders

shown ip Pigures 1 apd 5 at intervals of 30 minutes during 1.0 Lour &nd
icoger =xposures ant at intervels cf 15 seccesnds during 0.1 hour exposures

api the start and enc of all expcsuxes.

Devieticn of recorded specimes temperstures from the nowinal itesper-
atures listed above and in the data tables was 1 219F or less for all G.1
bour and 1.0 kour single exposure conlitions amd £ 5% or less for 19
hour apd longer single exposure conditions as well as ail the sejuentisi
exposure corditicns, with the following excepticas:

Furtnar deviation of the actual exposure texperatures from the iisted
nc=inal temperatures is possible for the fcllowing reasons: (1)} Tecper-
ature readings of tke calibreled tkermocouples varied frcm the eguivaiest

14 stapdard thermocouple readings up to I 19F inrougbcut the exposure texper-

o eture rarge, {2} tke H.B.S. starndardized trerzoccuples used for calibrating
o ike recordirg therzoccuples are certifisd to have no zore tkan I 0.35°F

A error or departuvre from the stendard Irca-Constaentan tesperature exmf relation-
o skip, {3) the mexizu= error ir Brown strip chart tewperature records was= 1°F

]
A
o

vhen determined by substituting sccurate voltages to simuiaie therzccomle
signals in the recorders. Since correciions for these errors weres pot mace

.

s during testing, e 22,507 additiceel deviation of actual terperature from the
- listed wvalues iz tke data isdles is possidle.
s, -
-“-: Tensi Tecgtip
’.{.: Tensile Testing

' -5 Following unsiressed exposure, each group of twslve specimens, reprs-
2n) senting one sirgle or segquence expCsure conditior, wes separzied into sudb-
- groups Cf three specizens each arg g differesnt sub-group tensile tested ot
‘.-‘;Z each of the foliowing exposure texperatures:

(]

[}
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Ir sddition to tke abuve test .oree specimens each of sach alloy vere
tested at 200, 300 apd %COOF withcut prior exposure iC serve 2s 8 zear0
expesure referapce with which t& cozpsre all otkher exposure tests. Also,
two tensile specivens froo the middle of each rarel {see Specimen Prape-
ration) vere tensile tested et roc— texperature in the "as recsived®
conditior.

During testing the seguence of events comsisted of (i} tekxing & specimen
fraz an exposure furmace or sgirg bicck, (2) transferring the specimen about
fifteen feet {0 the tensiie testing eguipxent, (3) opeaing the test furmece
door and assex=bling the specizen into tke loeding heads, (&) closing the test
furnace docor asd applyicg end meintaining a szall icad on the spaciren, (5;
opening the furpace dcor and attaching the exitenscmeter to ike specizen, {6)
closicg the furpace door and edjusting and meintaining the lced at e slightly
higher valve, (7) beating ihe specizen until ihe required terveraturs is
resched and {8) stariing the tensiie %est.

Transfer tize of eech specizen izcludipgz the tizme the exposuze fDonace
door Or sging bicck well wes opened until the specises act extensixeter ware
ccxpietely acsexbled &nd sterzed e nest o the testing icpperatures w¥Es po
zore than &0 seconds. The tize reguired to keat e specizern t6 the testicg
texperattse Gepanded on the racosery rale of the testing furmece end varied
fro= 7 =irutes for ibe 200°F testing terperasture to i2 miputes for the
LoGCP testing texperature. Tre exposure tize at elevated terperature during
tersile testing deperded on the length of the tensile testicg pericd and was
sbocut 0.4 mimite for esach percent elongation a specimea withstooi. Testisg
tise varied fro= ehout 3 =iputes for specimerns with 7 percert elozgation o
about 33 mizmuies for specizens with 82 pe-ceat elongaticn.

Durirg each tensiie test the rate of testing machinpe crosshesd iraw
was keid constant &=d was selecied to give a straiz rete, prior to yieid,
as neerly .005 in./in./min. &s possidie. Since scme yielding in besring et
the pin jcint holes occurred On soge Specizens because of ke lsrge fanze of
exposure sui testing corditions the rate of crossh2ad travel was varied scme-
¥zt so es 10 zaigtein a nomfosl 005 ia./fin./=iomte strain rate prior to
yieid. The sirain rete srd bead travel rate of eack specizer are listed in

Tre load-strain zessuripg sysiex comroses of extensczeiers to follow tke
sirein On 2 TwO itz gege iengih of em<h shacizen, & mecboaicsl linkese
between ibz tensile sachine lcad meesuripg sysiez= agd as autcgreashic recorder
to foclloy the 1pmd, and en auntogryedhic lcad-sirain recorder ioc coatinucusly
grapsn the lced sirein curve w through ire yield peint duripg testing ves
utilized to provice dete far calculaticn of the modulus of 2lesticity,
oroporticnel lizit and yielsé strasgih,

The systez 2rror in strain readings w2s determined for each exterscreler

&
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by several calibrsiions at periodic intervals throughout testing. Calibration
eyuirrent consisted of & Baldwin sirain folicwer calibrator and a set of celii-
trated Toxe gage blocks., Rach calibraiion consisted of comparing eutcgrevhic
recorder reacings versus gage block dinmepsions for five to ten increrents of
straipn throngh the useful range and averaging th» resulis for thres or =ore

runs. Zrror in tkhe Soke guge diocks {.O06003” in./in. maxi=umm) was 7 to 180
tigss s=aiier i53m ine exror in the strain zeesuring systes and was considered

negiigivle. Zrror Ii= tke stirair ceasuripg systez is shown in Teble I armd is
I0% or less of any sirain, The errors of Tabie I reraip uncorrected in calcu-
ietion snd tebulaiicm of tke dsis.

Tre lced indicelor resding on ike testing zmachine et paximam lced was
used to Drovide fzis for ipe celculation of tke uitizate strepgin. The lcad
indjceior errors ent the sutcgraphic recorder errors were deter=ined {or each

testing z2chire with siendardized dead weights and provicg rings. Both the
icad ipdicstor and zutogrephic recorder errors are shGwn in Tadle i1 and &y

1% or Cf respectivelystr exy lced. Zach calibration shown is the average of

tage x2yEs, 2,020 inches zpart oo the original test speciwens were useé
to determ=ine ithe totai perceni elongaticn afler fracture. Dividers were
used to deterzine lepgth Petvess gage marks on =mated kalves of fractured
specizens, Accuracy of measurexeat was .01 inches or 0.5% elorgeiion.

Eardress Testing

After coxmplietion of testing, bardness determireticns were =sde on all
specizens ihet k=d been fensile tested at rooe terperature. Rockwell herdress
irceatations ware —=de conly _eaxr ihe unstressed fcur corpers of tke pin joint
iceding section of each helf of eech specizen. Bach herdress vzlue iicied 3in
tais report oa ihe average of lhree or more kerdoess reedings., Early in the
herdress tests it was discovered that two hardmess scales, B scale and H
scele, were pecessary., <ITre renge of zechanicel strepgth and hardress was so
great tzet {he softer specizens exhibited the apvil effect, i.e.. tre work
hardenirs of ike specizep extenied ccopletely through arnd was visible oo the
coposite side froz the irxpression. The B scals” with 2 100 Xilogrsz lomd
end 2 1,36 inch bell was used origineily, The "H” scale with a 60 Xilogrsz
iced epnd & 1/8 irnch t2ll was zdded for sciier specizens. 3 ard E scale
readings were tzien oz ail ssecizepns, A3l perdress deterxisations thet
exhibiles excessive anvii affect and scatter batveen rezdings vere elinirated
froz Inclusion in this repori. The bardness reedipgs in each deter—imation
voried o —ore tthaa 2.3 mubers for eact velue presented in this report.

DEER DRl ABIULTS
Presereticr 0f the experizeztal resulits cozmsisted of:
Dater=ining Ihe mecktanicel properties froax tensiie and hard-

zess test cate and listing of the resulis of e=¢h iest ine
iogical iamnliar forzm,
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{2) Comparing the tersile properties of material subjects to
the various expesure ard testipg conditions vith the room
texperature tensiie properties of material from the same
parel in the "as received®™ copdition, expressing the com-
parisoa in terxs of "percent of room texpersture proverties”
ard listing & susmarizaticn cf thig dete in e logical tabular
forx.

(3) Plotticg suxmarized tensile properties versus exposure time
for various exposure temperatures and tesiipg temseratures.

(%) Piotting suxmarized tensile troperties versus exposure texper-
atures for various expesure tiwes ard testing texperstures.

(5) Plotting trhe average bardress value of each specimen iensile
tested at rocs texpersture versus tezmsile yield strergis and
tensile ultizate sirergtk.
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TABIE I

STRATN CALIERATION DATA

Extenscasier autographic Recorder Sirais Zrrer Error
Lisplacement (1) Separate Calibratioms in./in. Percent
in./4in.
PSM EXTERS(METER

1 2 3
0.091000 .00005 00002 00002
0.002000 00013
0.003000 .00022 -
0.00%000 00029 -
0.005000 .0003% -.00010 -.000C8
0.005000 .00039 -.00012 -.00007 6.5
0.008000 .0005% -.00010 -.00012 6.7

i
%

00008 i0.0

00009 1.0
6.7

0.001050 .00003 -.00010 -
0.0020C0 -.00092 -.0001% -
0.003000 -.0000% -.00013 -
0.60%000 -:00007 -.0001% -.00021 5.2
0.005000 -.0000€ -.G00318 -.00209 3.6
0.005000 -.00006 -.00021 -.00016 3.5
0.006000 -.00012 -.00026 -.00020 3.3

44

e o 0 » 9

(1) Zxtenscmeter displacement was measured by the diffeseace
in lepgin of successive Pratt and Woitrey Calibrated
Casze Block stecis from a fixedi reference plame,

¥ADC TR 56-383 27




™ - -, rEm Y. s

TABLE I1
f&’i) mﬂos m

5000 LB., CAPACTITY TEST MACHIRR

-

Indicator Error

Separete Calibrations, Lbs.

15

Ac

Error

Load

Lbs.

Percent

2

000000000000

Q Q@ QI O O Ints i
S S alal g ol il

QOMOWIHVDON I

SSrqHdndaiag

200
300
ko0
b,—-
600
800
s80
2000

3
b1
o5

Error
Perceat

6

>

.3

3

ppic Recorder Load Er
te Calibtrations, L

&
2

"y o
ms
£
=

Ectuzald

€ € O i 4 ) 1NN M O)
NilddorAdorroo

RN e K A o B R
I 6-.
to 11 @ ' .

o\ i

13539 9@anev .
-
FrAgdfdggEde

VN#QOHOQMO QN
§eqpddadggad
.......m.m...

21985021790.3
SFAGAAGEAG A

@t 0D Q@ O\ MQ
FB S e daf i g ol

28835882888

28

WDC IR 56-565




— - -— W WK TR WX I WS (T S m g, W M W W, T gy T T e T - - &, -, T
ek Ay S sl spie Fhe-FiaFin e o b Jrask ol et et il Sl ie Tl SrC A AL 2SS AL S A il ol L MG A ek Sk A D T D

Mechanical Properties Determipation

The zmechanica] properties determined during ieansile testing were:
(e) Modulus of elasticity.
{v) Proportiozel limit,
(c) 7Yield strergth (0.2% offsei).
{d@) Ultizate sire=gth.
(e) Total eiopgation afier fracture.

The rodulus of elasticity is tbe slicpe or tangent of the secordary modulus
poritica of tke loed-straln record, divided by the original cross-seciicmal area
of tke tepsile specimen. Tre proportionel limit is the upoper lcad at which the
secopdery =modulus deviated from a straight lipe, divided by the origipal cross-
sectiorzl area of the specimen, I 14 strengih is the lcad intercept viin
the lced-siraiz curve of a lirpe ing the same slope 8s the seccndsry modulus

t offset froz it to the right by 0.2% strain, divided by the cross-sectiomal
srez of The specicen.

(D

()
] ';,.
ct (D

:

Sipce the meterizis for this prograzm were alclad sluxiruz a2lloys, both
Dricary epd secondary modulus slcpes were present within the elestic region
of the loed-rirmir extcgrechic records., Tee secondary modulus sicpe vas chosen
for Geterzmining the xodulus of elasticity, proportionsl 1imit ani yield
strepgth for o reasons. For the majority of the tests the secondary modulus
lize wus the lorger, i.e. fro= ope-half to four-fifths of the elastic portion
of tks iced-sirain grapk. Tnis longer line presented the possibility of a more
accurate deter=inetion of the modulius, proportiopel lixit amd yield. On the
other pend, the lced-strain graphs characteristically often coatained deviatioms
or irregularities near tke teginning of the curves which mas¥ed a true determi-
=ation of these properties.

Arotker crharacteristic ef tkhe lcad-strain graphs, made it extiremely
@ifficult tc deter=ire a codulus slope, i.e. thcse tests of lopg ti=e and high

terperature exposures often resulted in load-strair graphs tbat cootimunocasly
decreased in slcope wilh increesipg sitraip. In this case, any short flat

porticn of the curves thet corresponded fairly well with a typical secoadary
=oduius for the material wvere utiljzed to represent it.

As tke resnlt of the characteristics described above which teaded tc
prevent deterrmimation of tke irue modulus slcpe apd sicce the loed aai strain
errors of the autogravhic records (see Tables I and II) are large emough to
ceuse considersble error in the determipmation of the modulus of elasticity,
this property shouid be cormsidered a&s an approrization only. However, the
7ield strepgth shows litile error with relative.y large changes in the =modulus
slcpe since ihe slope oOf the curves at the yield intercept is sufficiently
szal1l thet the iced shows litile change with variation of iocation of intercept.
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The ultimate strepgth is the xaximum load each specixen withstood prior
to fracture, divided by the original cross-secticnal area of the specimen.
The percent elomgation after fracture is one hundred times the difference in
the lepgth between two gage marks before test and after fracture divided by
the gage mark iength pefore test.

Tabuiated Data

The tabulsted data is presented as an appendix on pages 131 torough 197.
These data are presented in two types of tables. PFirst, a series of tables
presenting the coxpiete tensile test results of each test specimen have been
prepared. Trese Tables XXI1T terough XXXIV also average the resuiis of the
three or zore irdividuzl tests of each alloy ari test cordition. Resulis of
three tesis are presented for each alloy and test corndition, excent where
test results baye teen Geleted because of exposure or testing difficuities
and the consequent unrelizble data. For this exception, these temsile
properties that were reliavlie fram the origival three specinens ares presented
alcng with the test resuiis of additional specimens to £i1l-in the Eissing
properties on the first three specimens.

Tpe fipal tabulation of data, consisting of Tables XVii through XX in
the sppendix, suzmarizes the temsile properties for each alloy ani test cop-
dition. In these tabies the tensile properties =re presesteé for each alloy
ani test condition as the “average perceat of room texperature properties”.
Beck vaiee ip the table is obtained oy calculating the percent ratio of tke
mechanical properties of each test specizen to the room texperature mechanical
properties of the "no exposure”™ or "stock control”™ specimens from the same
panel api then averaging the percent ratios thal represent each discrete
ailoy and test conditicn. This non-dimensional procedure was utilized to
eli=inate {ke nc.zal variation in mechanical properiies of the materials
frcn these sumarized date tebles.

Hardpess versus tensile properties test data are aiso presenied i
Tables XXi and XXI7 for all temsile spacimens tested at rcox temperature.

Grephicel Deta

4 grapnical presentation of the summarized tensile properties of each
elloy end test conditior is shown in Figures 2% through 103 of the eppendix.,
These graphks include plots of percent of room texperature tensile properties
versus exposure tire apd perceat of room texperature tensile properties versus
exposure texperzture for each tensile property, alioy ami test texperature.

Hardiness versus yield strength end herdness versus ultizate streangta
grepns are presented in Figures 105 through 111 for both Rockwell hardaess
scales and both alloys.
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ANALYSIS GF RESULTS

Tne test data presented in this report present over seventy test condi-
tions for sach of the materials investigated, TU75-T5 Alclad sheet and 2024-T3
Alcled sheet. These data present 8 challenge t0 develop geaeral expressions
vhich will post advance ihe knowledge of the elevated texperature properties
of these alu=inur alloys which are the onss most caonly used in airfrazes.

The alloys tested, TOT5-TO amni 2024-T3, have been known to suffer fram
opver-eging when exposed {0 elevated texperatures. They suffer doubly from
elevated texperature. Therefore, it is necessary to know the tize speant at
terperature as well as ihe terperature in order to evaluate the streagth
proparties of these materials. But seldc> is a service conijtion so sirzpie
as a8 given tize at oze tecperature. Thereiore, it is desirable to Te able
to predict the rexainping strengths of these caterials at any teczperature,
within tbe tezpersture rarge providing usablie strength, after they bave veen
expesed 19 any segusace of various exposure tixes al variocus texperstures.

Analysis of Bzsic Data

Toe basic test data comsist of varicus single a2xposures (specimens ex-
posed to ore tesperature for a giver tixe), then puiled as tensile coupons
1 roca terperature, 200°7, 300°F, arni 400CF. Data thus cbtaiped include

zaxizum elongatiorn in 2 inches, modulus of elasticity, ard proportioral

:it, but only the ultizate ternsile stress =rd the tensile yield stress
data have bDeen analyzed as these are the xechanical properties which pro-
vide load carrying svility.

A semi-expirical apalysis was utilizedé as mo gererally accepted anmalytical
xetnod is known to exist at this tize. The analysis is buill upon the rate-
brocess ilhecry whici 2aas D=en appiied o such diverse processes as creep,
iexperipg, acd diffusion of cetsls ard offers a knocwn methoi of cosmbining
texperature ard tips to obtainp 2 simgle parszetier by which can be xe=asured the
degree of an exposure coxdition. This tneory exoresses the rate at which a
process takes place as r = 2e “RT | where 5 is a constant, Q is tke
activaticn energy for the msterial azi process, R is the gas constent and T
is tte sbsolute terpersture. 4 sirpie tire-texpersture parazeter bes been
derived from the rate-process theory by F.R. Lerson and James Mijler, ard is
pudblished in Tramsections of ASME, July 1652, pege 765, "A Tire-Terperature

eiztionship for Rupture andi Creep Siresses™. Treir parsxzeter kas the forz
T (C+ 10Gj5 t) .... wkere T is ike ebsolute texperature in degrees Rankine

nd ¢ is the time ip hours. FPrelimipary plciiirg of the test data vs.
ToR (20~ 10Gyo t) geve excessive scetier and was therefore modified expirically
10 provide & Zore accurate azelysis,

;
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a) Analysis of the Ultimate Tensile Stress of 7075~T6 Alclad Sheet

The uvltimate tensile stress data of 7075-Td clad sheet were
first plotted as percent of roo= temperziure ultimate tensile stress
versus the Larson-Miller time-texperature paremeter, @ = Tox (20 + LOGyp ty,..)

This procedure resulted in only fair resulution of test points,
and the plots are showr on Figure 12 for the four test texperatures,
(R.T., 200°7, 300°7, and 400°F}. Ii was observed that the longe- tizes
for a given 9 are xore severe in reducing Fy, than the sherter time
{times indicated on Figure 12). Yo theoretical reason for this has
been determined; however, &s a sscond step an empirical adjustzent of
& was made. This resulied in a modification of time by the 1.46 power
in the time-temperature parazeter, 9, to give 8' = T3 (20+1.46 LOGP
thr.]> This modified lLarson-¥iller time-temperature parazeter provides
—uch better agreezent with the lesi dala as is readily apparent in
FPigure 13 where the percent of rocz tezmperature ulti=ate tensile
stress of 7075-T6 clad sheet is plstted ageinst 0!, the modified
time-terperature para=mster. The siatistical analysis given in Table
IV shows that the curves of Figure 13 fit the data within pius or
=inus 4.7% of roox tezperature ultizmate siress for approxicately
95% of the tests. (Between T+28; are 95.5% of the test poimts for
normal distribution.)

At this point the similarity of the curves of Figure 13 for the
various test tesperatures suggested the possibility of normalizing
the datz for the four test temperatures. This was successfully done
br dividing tke percent of rooz temperature ultimate stress values by
the corresponding percentage for the 0.1 hour exposure at 300°F at
each respective test texperature, The resulting normalized curve is
presented in Figure 1j. Aralytical expressions for the curve have
been deterxined as follows:

e < 16,580 R = 1.163 , -0.000010710"
16,580 < €* < 20,230 B = 41,70 _ -0.000236"
20,230 < 6 2= .21

E = The decime]l fractiorn of the no exposure uliimate
tensile stress 2t any given tecperature which re-
=ains wphen tested at this sa=e texperature after
exposure of zagritude 87,

The C.1 hour exposure at 300°F was chosen as the basis for nor—
malizing the test data versus 8! because it represents the rinimum ex-
posure as measured by 8'. It was assuzed that this 0.1 hour at 300°F
exposure does noct affect the ulticate tensile stress of 7075-T6 clad
steet and thus the nltimate tensile stress at the test tezperatures
are assuxzed to represent the ultimate tensile stresses after po
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EEROSUrsEe <Tasis yore mm with po expom’re which verify this
assuaption as indicated by the tabulated results below. The
raxi=um diffarence of 2.9% is well within the scatter of the
material itself,

i_. : - « E.I z’n;z_-x_ 'iL..._..:ig 545'-.333 2075-54
Q.1 hour at 300°2  ¥o Zyposure
R,T 99.7 100
200°F 8%.7 91.1
30097 2.1 75.0
LOOOF 55.0 55.2

The statistical an2lysis given in Table V shows that the
normaiized curve Iiis approsimately 95X of the test data within
plus or minus 8% of the rom temperature ultimate tensile stress.

b) Analysis of the Tensile Iield Stress of 7075-T6 Aiclad Sheet

The tensile yield siress data of 7075-T6 clad sheet were
first plotted as percent of roox texzperature tensile yield stress
versus the Larson-Miller {ize-temperature parameter, 6 = T4 (20t 1.46
10Gyy tpp,)e This procedure produced resulis similar to the resulls
of uitizate tensile stress in that only fair correlation was ob-
tained. 4&s with the uiticats tensile SLress duias, mulili viwell SO0
sistency is ohtained by using the nodified larson-Miller time-temper-
ature parazeter, 6' = Tog (20 1.46+10G; tyr. ). The percent of
room tesperaiure tensile yield stress for 7075-T6 clad sheet has
been plotted against 6! in Figure 15. The statistical analysis c2
the correlation ackieved in Pigure 15 is given in Table VI ard in-
dicates that 95% cof the data are within 4.72 percent of rooz temper-
atuare tensilz yield stress of the respective curves.

The plots in Figure 15 cannct De nearly so easi'y normalized
as that af itk witizate tensile siress. This is due to the tensile
7ield siress of 7075-TS clad sheet becaming less iemperaiure dependsat
with increasing degzres of exposure as measured by 6!'. Gereralization
wvarrants the utilizatics of a fairiy complicated norsalizaiion pro-
cedure. Therefore, norualization was accamplished by Gividing the
percent of reom texperature temsile yieid stress at the test temper-
ature at exposure 6! = 1,690 by the percent of room temperature
tensiie yield siress after C.1 heur at 300°F. This provides ihs
desired norsalization at 6' = 1%.090. Ther the divisor is varied
linearly with 8! to provide no normalizaticn at €F = 32,5630. Tke
value of 32,850 is off the zhscissa, but is the value required ic
provide good normalization., Methematically this is cxpressed as:
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TABLE V

STATISTICAT, A¥ALYSIS {F KORMALIZED ULTIMATE TEXSTLE
STIRESS OF TO75-T€ ALLLAD versus 9!
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STATISTICAL ARALYSIS (F TENSILE YIFLD SIRESS
= 7075-T6 ALCIAD versus ©°'
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where R = The decimal fraction of the no exposure tensile
yield stress 2t any given tezperature which re-
x2ins when tested at this saxe tesperature after
exposure of magnitude 67,

.
l““
L

X = Tne percent of room texperature tensile yield
stress at tkhe test temperature after being ex-
7osed to eievated tezperature.

¥ = The percent of room tezperature tensile yield

stress at the same test texperature as jor x
after having been exposed to C.l hour at 300°F.

€' = The modified Larson-¥iller parameter 8' = T o
(20 +1.46 10Gyg t;, ) calculated for the ex-
posure condition which deter=ined x.

As with the ultimate tensile stress data, the 0.1 bour at 300°7
exposure was assumed to be the same as no exposure. This assumption
is rot guite so good for the temsile yield siress dalz as for the ulti-
=ate tensile stress data, but does not invalidate the assuxption. Ths
tensile yield stress data are presented belcw for the C.1 hour at 300°F
exposure and no exposure. The biggest discrepancy is seen to be 5% at
the 300°F test te=perature,.

0.1 bour at 300°%? Mo Exposure
2.7, 9.3 100
200°7 2.0 95.5
300°F 78.8 83.8
L00°F 59,2 £0.1

analytical expressicons for the rnormalized curve of tensile yield
stress data for 7075-T6 Alclad sheet Lave been determined as follows:

tu
"

er < 15,700 1.27 o -0.00001676!
16,700 < €' < 20,400 2 = 223.3 ¢ ~0.0003276"

1.541 o —0,00008286"

20,400 < 6° 2
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The curve so defined fits the tesis points within 7% approxi-
mately 95% of the time. This method provides slightly greater ac-
curacy for tensile yield stress of 7075-I6 alclad sheet than that
for the ultimate tensiie stiress of 7075-T6 alclad shest.

c) Analysis ~° the Ultimate Tensile Stress of 2024-T3 Alclad Sheet

First, the percent of room texzperature ultizate tensile stress
data of 20Q24-I3 alclad sheet were plotted against the larson-¥iller
tize tesperature parameter, 0 = T p+ LOG g thr,)s 4s with the 7075~
T6 dats, this parezeter was found lacking the desired degree of
correlation. XNext, the percent of room te=perzture uliimate tensile
stress data of 2024-T3 were plotied versus the modified larson¥iiler
parameter, 8! = Top (20+ 1.46 LOGq tnr.) on Figure 17. Disap-
pointingly, 6' does not provide the desired fit to the experimental
points as is apparent in Figure 17. A staiistical analysis wRs made
to check the general usefulness of O' and it is presented in Tatle
Viii, This an2lysis includes the test data for both 7075-76 and
2024-T3, uwltizeted and yield stresses. 7The results indicated that
G' is very marzinal as {o generali ability to fit the test dats for
both properties of both materizls. As &' provided an acceptable fit
for 7075-T6 property data, it was concluded that 6' does not fit the
202%4-T3 test data satisfactorily. This led to another modification
of tbhe larson-¥ilier pereoeter.

Study of the results achieved utilizing © and 8' indicated
that the desired modification of 6 which would prove satisfsctory
for 20CL-T3 test data must be some coopro=ise of 6 apd 6%. The
modification of O which was determined to bpest fit the 2024-T3 test
data is 6" = Ty (20+1.3 LOGjg tyr.)e The plot of the percent of
ro.c tesperature ultimete tensile stress data for 202%4-T3 alclad
sheet a2grinst 9% = T3 (20+1.3 LOGy, & _) is presented in Figare
18, The statistical amalysis of this pgb is presented in Table X
and reveals that approximateiy 95% of test points Jay within &F of
the respective curves.

The first effort towards norsalization of the uliizate tensile
stress data of 2024-T3 was siraight rorzelization. That is, tke
parcent of rooam texpereture ultizmale tensile stress at temperzture
I after exposure I is Givided by the percent of rouxz texperature

tinate tensile stress at texperature I after 0.1 hour exposure at
300°F, The results of such a normalization procedure indiczted that
the test points at s=aller 6" values were not normalized erough and
et larger 67 wvziues the test poinis were normaiized too ruche. There-
fors, the uliimate tensile stress datz of 2024-T3 were normalized
about 3" = 17,200 with the resulis as shown in Figure 19, Matheme-
tically, thnis norma2lization is written as:

@ o= j—

B 57 - (200-5) { 17,2
\ “&730
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STATISTICAL AXALYSIS OF ULTIMATE TENSILE STRESS A
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where 2 Tre decima] fraction of the no exposure uwiticzate
tenaile stroes a2t ony ziven iczpereture whick
re==ins when tested at this saxe tecperature
after exrosure of m=gnitude 67

x = The poercent of roae tesperature ultizate tensile
stress at the test texperature after being exposed

o =Y 2_-3 a A s o
YV CITCICLOU vEUT2ALUITe

¥ = The percent of room texperziure wliizate tensi?e
stress at the saze test tezperature z2s for x
aiter ro exposure.

G!!

The modified Larson-#iller para=eter &% ..
(20 133 me ?hr.)o

Only fzir norealization was thus achieved, the range withia which
arpraxinately 95% of ihe tests fall having been increased to 8% of tke
roa tezperatmre ultizate tensile stress.

In ti= {irsi porzalization, ibe assw=ption was made that O:1 hour
exposure at 30097 does noi appreciadbly change the material properties.
inis assuzpiion was satisfactorily checked by the rc exposure tests a3
t=balated below.

Tesy Te—persture 2 2.7, Uitimate Tepsjle Stress 202L-33
0,1 kour at 300°F No Exposure
2.7, 92.1 100
200°F 74 95.25
300°7 83.% €5.5
L00°? 76.6 75.5

The greatesi difference exists at the 200°F tes=: texperature
and zsounts to only 2.85% of roox temperatire uitiz.ite tensile stress.

Analysis of tke Tensile Tield Stress of 2024-T3 Alclad Sneel

23 stated in (c) atove, the iemsile yield stresz data of 2024-T3
W2s inclinded in tke analysis eveluzling the modified larson-Milier
perexeter 6% T, {20T1.46 LOG;, thr,)° Tone pict of percent room
tezperature tensiie Field stress against 67 is pressnted in Figure Zi.
2gain, as with the uliizate tensile stress dzta of 20 -T3 the parameter
8! Goes not gZive ithe desired agresaeni amang ihe various exposures.

The modified Iarson-ilier paramster 6™ = T_g {20+1.3
£ ) gives better resolved curves than 413 0. gge statistical analysis
pressnted in Tatle FIT shows ihat the curves in Pigare 22 are within 43
of approxizately 95% of the test roints.

C IR 3%-535 53
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Yormalization of the tensile yield stress data is indicated

in Figure 23. XNo ization in this cas2 has been achiewed as
foilows:
as= X

7-(100-5) 22,910 6"
NE A

where 2 Tee decizal fraction of tk2 no exposure
tensiie yield stress at any given te—per-
ature which rerains when tested ait this
seme texperature after exposure of

an
>

==gnitude S

-
|

Tke percent of roc= texperature tensile
¥ield stress at ths test t=perature after
being exposed to elevated temperaiure.

The percent of roome texperature tensile
Field stress at the sa=me test tezporature
as jor x aiter no exposurs.

b
|

87 = The rodified Larson¥iller para=eter 8% =
Tor (20-1.3 10535 thr.) calculated for
ihe exposure cornditica which deter=ir=sd x.

s1though er generalizaticn resulled fro= the normelization
procedure, accuracy was lost Lo the degree that ike range to inclnde
zpproxizately 95% of the test points is T 8% of the roo= tesperature

tensile yield stress. 7The assu—ption thzt 0.1 hour exposure at 3000F
is th2 s2=e as ro expostre is valid with the exception of tke tests

made ai 200°F. The izble below tebulates the test data for 0.1
nour oposure at 300°F test datz for the 202L-T3 itensile yield stiress.

ZTost Tegperebypes Z of Roox Terperature Tepsile ¥ield Stress

0.3 peur at 300°F Eo Zxposure

R.T. 8.0 100

200°7 9.1 98.8
3C0°F 8%.2 92.8
LOGSF 75.5 T1.6

ansivsis of the Seoyusxti=i Test

Structuaral! corpozents of aircrafil are not exposed to sirzpis tizme—

i{ezperature exposures such as analyzed in the previous section, Instead,

-

sarts of airpiznes are exposad to various texoeretures for varzing iensths
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o? times. The sum of the individual times at each texperzture is than
looked upon as the expcsure experience of the metal. It is desirable to
evaluzte what stch a time texperature spectrum will do to the strength
properties of the material, and to do so in terms of the sixmple exposure
test data.

t is a simple calculation to determine the equivalent 9. or 6z for
any sequence of exposures. Ihe procedure for calculation of 6t, for
exazple, of any sequence of exposures at tezperatures T3, T, .e....Tn
for times iy, tp, «cs0s by respectively, is summarized as fcllows:

-~

1. Cnoose a reference tesperature T,

2. falcudate 6° 5 ..s0- OF
4 2, n

31 3 soe L +3 at is H
3. Deterxine t,, brp, cecee tr, the times at ‘1‘r whish wouid

give 61 Bé, secon 91'1 respectively.

t_i = antilog;, €% - 20
T
r

1.6

%o Add trl’ trz, secce trn to obtain tr, the total effective

tizes at T, which gives the equivaleat 9{’,’ for the given

secuence of exposures.

5. Calculate ] = Tp _ (20+1.46 308, tr, ). O] is

irdepepndent of tke velue chosen for T..

Tze above procedurs will be evaluated by co=parison with the sequential
exposure test data.

2) Apziysis of the (Niizmate Tensile Stress of 7075-T6 Alclad Sheet

The wvalues of the modified larsca-¥iller paraxeter 8! for the
nine seguentlial exposures are indicated with their respective time
tecperature specitrum in Table X0V, The first five spectra, although
providing good agres=ent between calculated values for the percent
of roox te=perature ultizzte tensile stress and those obizirned by
tests, =ust not be considersd as indicative of the accuracy of the

anzlys:s.

The reason for qualifying thess results is due to the fact that
the highest tezperature of each ssguence daxinates the respective t.

WaDs TR 56385 61

.t e v e e ™o,

--------

.....................




SEWSHTIAL EXVOSURE OF  7075-T6  ALCLAD

Sequential ixposure
o Time and Tenverature
“ipst  econd Third Fourth
1 ur, 10 hr,
LCOOF 30007
17,250 400 300
430 300
L0O 300
1 kr, 10 hr, 100 hr.
LO0OF  3C00F 2500F
17,300 400 ac0 250
L0 300 250
LCO 300 250
1 hr. 10 hr.
5CC°F  LOOCF
19,360 500 LOC
500 LOO
500 L00
1 hr, 10 hr, 100 hr.
SCCF  400°F 3009
19,380 500 Xa] 300
500 4,00 300
;00 400 300
1 hr. 10 hr, 100 hr, 10CO hr,
. 500°F LCOSF 300°F 250°F
19,400 500 400 300 250
500 L00 300 250
500 400 300 250
1 hr, 4.8 hr., 27,6 hr, 191.7 hr.
380°F 3LO°F 300°F 260°F
17,540 3P0 340 300 260
380 340 300 260
380 340 300 260
1 hr., 4.5 hr. 23,4 hr., 145.1 hr,
420°F  200°F 34L0°F 300°F
18,370 420 380 340 300
420 380 340 300
4,20 380 340 300
1 hr. 4,2 hr, 20,2 hr, 113.4 hr,
L6OOF  4,20°F 3P0°F 300°F
19,210 460 420 380 300
460 4,20 R0 300
4,60 420 380 300
1 hr, 4.0 hr, 17.5 hr. 90,5 hr,
5000F  4L60°F 4,008 3Q0F
20,040 500 L60 420 110
500 460 4,20 3P0
500 160 1,20 300

WADC TR 56-585

TABLe ATV

Test,

Temp,
op Indiv,
T, 83.7
200 76,1
20 69,0
LOO 53,2
R.T. 33.4
200 75.7
300 68,7
400 53.1
R.T. 37.7
200 36.2
300 34.1
4,00 29.0
R.T. 37.6
200 36,0
300 34.0
400 2e.9
R.T. 37.4
200 35.8
300 33.8
400 28,8
R.T. 79.8
200 7.7
300 65,5
400 50.6
R‘T. 57.3
200 54,1
300 48,3
400 39.8
R.T. 39.8
200 38,4
300 35.9
4,00 30.4
R.T. 31,2
200 30.0
300 28,7
K00 Ohe6

62

R

883
JE3
883
883

.835
.835
.835
835

<394
-394
394
«394

392
.392
.392
392

.389
.389
389
.389

792
<792
.792
«792

+599
+599
«599
599

ohl2
W12
412
412

0336
336
336
336

o
o

£g,0

82,4

724
58.3

AR I
wo o

Buwm
W ~3 0

* .
OO oW

W W
~ 0
o«
(@R

41,1
3e.8

3.8
29.0

33.5
Jl.8
a8.n

:’10-3

% R.T. Fey After ixpos,

romztiined  puet

79.8
76.5
66,2
52.6

79.4
76.9
66.5
53.1

lblne
41,1

a5
3.8

30.8
2946
29,2
25.3

#% R.T. Fyy After Exjos,

Indiv,

54.0
Le.?
34.8
25.9

53.7
L84
3L.7
25.8

53.5
48,2
34.5
25.6

55.0
L9.5
36,0
27.0

50,1
45,0
30,6
o,

Hormulized

n %

08165
245
LU5
845

81] .1
76.8
61.0
L6.5

.835
.835
.835
.835

530 5
.530 A
.530 3
.530 29

52
524
«524,
.524

.521
52
521
+521

794
o794
79
ST

56,2
47.9

3.7
28.0

LR, 2
43k
30.3

a9 D

~ g
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Put more biuntly, the first five sequencees differ but slightly frem

a single exposure enviromment. It is not swrprising, therefore,

that the psrcent of room temperature ullimate tensile stress of

7075-T6 calculated utiiizing the individual curves of Figure 13

and the normeiized curve of Figure 15 correlate with the test re-
ts to a degree comparable to the single exposure tesis poinis

themseives.

The last four segquentizal exposures are such that each texper-
ature of the spectra provides =qual contribution to t{. and are as
true ssquential exposures as arz possible when consisting of only
four individual exposures. 2&l1so, these last four seguential ex-
postres are in the range of 6!, where E is changing the most rapidly.
This increases the meanfulness of the agreezent between the caicy-
latad values 27 percent room temperatire uliimate tersilie stress and
the test results. The agreement achieved utilizing the individual
curves of Figure 13 may be appraised by the average error wkich is
only 2% cf the roax texperature ultimate tensile stress. The largest
error is 8.2%. When the normalized curve of Figure 14 is used, an
average error of slightly less than 3% of the rocwm temperature ulti-
mate tensile stress is cbtained. Apd the greatesc error obiaired is
6.T5. These data are tabulated in Table ZVI.

Anaiysis of the Temsile Tieid Stress of 7075-T6 £lclad Shest

cr
oo #

The values of the rodified larson-M¥iller parameter 9% for the
nire seguential exposurgs are listed with thsir correspo tice
tezperature spectruwa in Table X1V. As was pointed out in (2) above,
the 2irst five exyosures provide very good agreement between calcu-
lated valces and tests results. Bwt these results are not to be
considered as any more than further substantiation of the accuracy
of the curves in predicting the single exposure bshavior of 7075~T5.
it is worth reiterating that the last four sequential exposures are
as severe in checking the validity of ihe method of calculatior as
any four-stsr seguential exposure can be. The substantiation ob-
tained fros thase {our seguential exposures is, toerefore, considered
extremely indicative of the cerrectness of ihe procedure utilized.
The averzge 2rror beiweesr the values calculated fram the individeal
curves and the test vaiues of the last four sequences of Teble IV
is Z.6% of thz room temperature tensile stress, When the normalized
curve is used to obtain the caicuiated wvalues, this average error is

Z.9%,
c, Amlysis of the Uliimate Tensile Stress of 2024-T3 Alclad Sheet

The npine seguentisl exposure velues, 8%, for 2024-T3 alclad
skeel are tzbulated in Table Iy with their respective time {emper-
ature spectrunm. Agzin, as with the 7075-T5 sequential tests, tke
first five seguences are of no value in evaluating the method for
calecuiatineg ths nmecianical properties afier a segquence of exposures.

WADC TR 56-585 53

TR
LN
1] "l

.........
....................




19,300

19,310

21,350

24,370

21,380

18,280

19,810

20,750

21,760

First

1 hr,
500°F
500
500
500

1 hr,
500°F
500
500
500

1 hr,
600°F
&00
600
600

1 hr,
600°F

600

1 hr,
600°F

1 hr,
465°F
L65
4,65
465

1 hr,
510°F
510
510
510

1 hr,
555°F
555
555
555

1 hr,
6000F
600
600
600

WADC TR 56-585

TABLE XV

SEQUENTIAL EXPOSURE OF 2024-T3 ALCLAD

Seauential Exposure
Time and Temperiture

Second Third Fourth
10 hr,

LCOSF

LOO

Loe

LOO

10 hr, 10G hr,
LOOOF 300°
400 300
400 300
LOO 300

10 hr,

500°F

500

500

500

10 hr, 100 hr,
500°F L00°F
500 400
500 400
500 400

10 hr, 100 hr, 1000 hr,

500°F LOOOF 300°F
500 400 300
500 400 300
500 400 300

5 hr, 30 hr, 219 hr,
L20°F 375°F 330°F

420 375 330
420 375 330
420 375 330

L,6 hr, 25,2 hr, 164.0 hr.
L65OF  L20SF ... . 375°F

465 420 375
465 4,20 375
465 420 375

4.3 hr, 21,5 hr, 126,1 hr,
510°F L65°F 420°F

510 465 420
510 465 420
510 465 . 420

6,0 hr, 16,6 hr, 99.6 hr,
5550F 510°F 465°F

555 510 465
555 510 L65
555 510 165

Test,
Temp,
op

R.T.
200
300
400

R.T.
200
300
400

R.T.

300

R.T.

300
400

R.T.

300
400

R.T.
200
300
400

R.T.
200
300
400

R'T.
200
300

R.T'
200
300
400

6k

% R.T. Fy After Expos,
Normalized qggat
Indiv, R )4

103.4 1,031 103,
100.0 1,031 102,
95.6 1.031 97,
85.9 1,031 84,

103,2 1.029 103,2

99.8 1,029 101.8

95.4 1.029 97.0 93.1
85.7 1.029 84.8

53.6 .561 56,1 60,0
52,2 ,561 55.4 56,3
48,6  ,561 52,4 53.5
o4 561 Lu.6 L8.8

53.0 554 55.4 56.4
51,6 .554 54.8 51.2
48,2 554 51,7 AL9.4
Lhe2 554 BL.L 46,4
52,8  .552 55.2 &0,6
514,552 54,1 56.4
48,0 ,552 51,6 54,3
44,0 552 43.9 49.7

115.3 1.130 113.0 127.2
111.1 1.130 111.9 118.8
104,2 1,130 106.8 108.9
92,8 1,130 93,9 95.9

89,0 ,916 91,6 101,
86,2 .916 90.6 92,
8.8 ,916 86,2 83,
TheS5 916 LT T4,

N®DO o

47,0  JA69 16,9 51.7
L

38,7 469 37.1 39.2

% R.T. Fgy After Expos,
Normalized

Indiv,

82,3
7547
65.5
52,2

R

.862
862
.862
.862

. 861
.861
861
.861

669
669
.669
669

662
662
,662
.662

.902
902
. 902
«902

.807
0807
0807
.807

.718
718
718
.718

635
635
635
635

3

Test



e

Viswvzl appraisal of tby Nesulis of the first five sequential tests
anc the calculated values jndicates that the agresment is not as
good as vhat of the coXxparabis 7075~-T¢ values, But, it is judged
that the agreement Detweey Lpe calculated valmes and the ~espective
tesi resulls for the first Live sequential exposures of Table IV
are in cicsz agreement witb the single exposure resulis.

The last four sequentizl exposures appearing in Tzble XV pro-
2 valig check of iphe zathed of calculsticn of the m¢ shazical

rrorarties afier expesiye. TheSe resulis show an average error of

2.6% when the calcuiated velues are based on individeal curves of

Tagure 18. Wwhen the powAlized curve of Figure 19 is the basis

for ihe celculzted valiys then the average difference is L.1Z.

Tne difference belweep {paee two mean deviaticns is cozparsble

to tae difference besiwsyp iife average errors for the single

exposure.

'Y -

2palysis of the Tensile Yiely Stress of 2024~T3

as for the nitizzle tensiis stress of 202i-T3, the tensile
7ield stiress dziz for ihe hihe ssguentizl exposures is given in
Table ZV. as previecusiy, L firgt five seguences are oaly a
furither check of the single «.posure analysis,

The last four segitemiiAl expOsures givea in Table IV provide
the check of the zethod Yo> f3icuiating the tensile yield stress
of 202%-T3 after the aaterial 733 been exposed to a spectrum of
tize-leoperature exposure, Xy this particular cass, the no: 2-
iized curve of Figure 23 protides z lower average err thm do
the individual curves of Figire 22 in predicting the - .ns:ie
7ield siress. The norzaliZed curve gives an averags error of
3.625 © the rooz tezperatQye fensile yield stress and the indi-
vidral cisves give an avdridgg error of 3.85% of the room temper-
ature strengin.

Consideration of Ssquential Zxposures ¥ore Complex than Four
Single axposures

Altbough no seguaglizl &xposures more complex than four
single exposures were leSte, the rasalis zay be extended through
the assuzplion that intery *Agt heating of 2024-T3 ana 7675-76
2uszimm 3lloys is eguivllea, 3£ comtinnous LealSng, Thnis zssmmp-
iion hes been z=2de for z NABAr of Fears, baving bees reccawmended
by the AXC 5 2nlieizin, "Sir&ngth of Netzl Alrcrafi Zlemenis?, Jdune
183i. Test daia bss bzes obiAiped oy the Aluxinam Cospasy of
dmerica which chows that tp2 proderties of 2024-TL rolled and
drawn bar and similardy the properties of 7075-T6 extended tar
do not dilfer spprecizbly wheiher “eated continworsly or in 20
h i
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1) At rocm texperature and 300°F after 100 hors exposure

to 3&70?:

2) At room tesperature and 300°F after 200 hours exposure
to 300°F.

2} At rocm tesperaisre and LOGYF after 100 hours exposure

3
a
to l;mo:"c

At o texperature and LOOPF after 200 hours exposure
to LOO"7,

These data are publisked in NACA TM 136G.

'
.

oangle exposures, te four different texperatures, zay be con-
sidered as ien single exposurss to each of four tezperatures or a
totzl of 40 exposures. Therefore, the test resulis of tke last
four secuential tesis tabulated in Tables 14 and 15, represent test
results after 5 seguenti=l exposures waere each of the seguential
exposures may be considered to consist of L0 exposures divided
evenly among four separate tecperatures. These vest resuits are
ip good agreement with the calculated values. or the individual
curves, the calculated values average 1-725 percent lower than the
test results and for the rorzalized curves, the calculated values
average .275 percent lower than the iest resulis. alibkougn the
noszalized curves provided the smaller difference between calculated
values and test results. the range wes -1h.2% to £6.6% while the cae-
parison between calculated values froe individual curves and the test
resuits ranged from -125% to £5.6%. 211 of the extreme differences
came froc the 2025-T3 test resulis. 4s the significant error is
conservative, the individual curves and normalized curves can be
usad for xore coxzplex sequences than 40 exposures.
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CORCLUSIONS

? e 2zaiysis presanted in Taple I7I and in tke previcus

1) Tre uliizate tensile siress and tensile yield siress of 7075-16 ard

T cax be predicred 2T rocm texperature, 20077,
zgle exposure with a2 95% cornfiderce that
.%% of ke respeciive roon tarperaiure
siress of tze actuzl strezgih by usirng the ipdividual curves precenied
ie Figares 13, 13, 18, azs 22,

.
?
g
’U
l'.
]3
[}

»
!
i
i

roperiies of 7075-T6 and 2024-T3 ilciad sheet can be
predicied 2l aoy temperzture Iros rocs tezrerature to 50057 afcer

- -

T-TZ of tbe respective roo- ite~perature sirepzit of ize zctuald
™

sirercgin OF utilizing the norz=iized curzes presented ip Figures
14 H il =A 23
2 =Ny =y e .

- -~

Tte individual curves of Figures 13, 15, 18, and 22 can be used to
predict iae sirength properties of TOT5-T6 asd 2025-T3 Zicias sheet at
rocz tesperatare, 20007, 30057, azd X0007 azfter seguesntial exposures,
&8s caplex 2s four singie exposures, io within 6.94 of ike respective

- —— - o ~—. o ol E
Toem lerpesature strengih 35% of the tire.

%) Tee nocselized curves of Figurs 13, 16, 15, and 23 can b= used to
Precict tie strepgih properties of JOT5-T6 an? 2024-F3 Alclad steet at
2oy lecperaiture Iraz rocz temperature o 30097 afier secuential
SYposures. =s cTplex as four sisgle exposures, 0 withir 8.5€ of the
Tespeciive roc= Temperature strengih 353 of the time.

\n
Neet
|~,

ize Individeal curves of Figures 13, 15, 18, 2nd 22 can be used to

Tedict ihe strengith proparties of 7075-T5 and 20253 Alclas sheet at
Tocs wexperalwre, 20097, 3007, and 10007 after seguential exposures as
coxpiex es 10 single exposures tc each of Pour texperatures(:0 expcsures)
Or €ven more compiex expesures with £002 zgreezenc, ’

'S

ON
Mot
k|

=2 norzalized curves of Pigures 1%, i6, 15, enc 23 cen be used to predict
tte strength properties of TOTS-T5 and 2 2%~T3 ilclad stest at any tewper-
27ure Ircx roor terperature to 40C2 after seguenlial exposures as coxdiex
is 10 single exposures 0 sech oF “nur te—perastures (55 exposures) or
evexz =ore camzpliex axposures Witk -ood agre£rens,
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APPENDIX I
TASULAT=ED AND GRAPHICAL DATA
Surmarized tensile propertiies for each slloy and cordition
are prasentad in Tablss IVII thrcugn XA.
Crgphicel presanistion of the summerized isrmsils properties
for sech gllcy ard corditicon is presented In Figurss 24
through 105.

Herdnsss Tesi daia arse pressnted in Teblss IXT and XXIT end
Pigures 104 through 111 for doth alloys.

Tensile %test results for esch spscimsn sre prsssnted in
Teble XXIII througn IXXIV.
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20 1000.0 20 15.0 1.2 280 3.1 271
00 1009.0 o0 15.3 103 6 21.% 165 39L.7
500 1000.0 2.7, 20.9 2065.5 23.2 %1.8 125.0
%00 1000.0 20 21.6 131.8 21.5 30.5 176.5
500 162.0 3¢ 8.8 105.9 20.9 29.3 6.2
360 1600.0 Y 22.%{3) 52.3(3} 19.1(3) 19.3 £52.3
(1) 2.%. 2esiszataa rs%f Tattre., AcCttal terperalure s pot reasured Ml was krewn
%0 be in the sacge a5,
(2) The percentases correszocding 10 ibase exposiTe termeratures ere indicative of

axiginal sata plus whal dtalined ITOn metest specizans,

Te represani: s gpecimens only.
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EREIE X

Tensile Properiies of 2025-T3 end TO57-00 Alcled Sheet at Poox ernd Sievated
cenperatures after an additiceal Seguence of Ixposures a2t clevated Texperniures.

~ezuential Iyposure Iestirng Averare Percert of Rocz Terrerature irozerties
Tine =i Teaperalure Texpera- Pooporticsel Eodulus of | Yield  Ultimate Elonge-

ure 07 Li~is Resticity Strepctk Sirerzih tion

2025~T3 Aldclied Shest Properties

é’
A
L.

Lp5%° =2%  3TSOF 3WOT 2. (1) 248.3 02,2 127.2 %.0 8.9

303 == 375 33X 137. 1016 017.7 88.9 29,0

65 528 375 100.5 103.¢ 76.5 3.6
b < 6%,: t

%
£%8
%5
G O

- 0"; 95'

.
By

1
]

£8-5.23.28xs  16s.(Ers

.[r‘
]

51297 =55%F :p%F ¥75%F R. o, 3€5.3 103.9 101.5 8.8 4.4
530 383 L) 373 20 5.1 9.7 2.0 75.4 Lo
315 65 2c 373 30 1.3 .3 83.8 63.3 £3.4
333 %5 20 375 ¢} 05.% 3.3 7.6 2. i
1.08r s.Ers 21,.5Sws 126 15ws

5559F 1 ¥ i85%F =20% Al T. 8.8 9.3 3,2 TN 51,3
533 33 55 29 0 77.% 8.8 65.3 Lu.E a4
5z . L4535 120 330 03.1 .2 1.1 5.0 LA
353 43 %3 125 koo 9.2 9.9 1.8 T 2
1.8 v ¥y it.b¥rs B.65rs

&C%F % 61007 263%F oz, T, TL.5 S5, 31.7 L L1
XM sel pEY =45 poz 5] £7.3 8.3 %3.3 . ™.
vl 35% i 5 3 5%.5 B ~3.% i 5103
&0 557 T 243 1555 %3.5 5.5 34.2 3y.4 Lia, 3y

TET5-T9 Alcled Sheet Properiies

1,08 4883 J7.EErs  lyi.TETS

Eon B’ W% 240% =7 76.51 101038 . .43 - ke
P R xc 260 200 i01.7¢ 9.5 To.13  Taud .33
3= BN 0 250 xXv 107.82 5T7.52 F2.9% £2.4% 7.0
33 g fwx) 250 LSS 36,75 $%.5% 2.3 W.3E 3.5
3

K35
>
’g!
f
"":‘
ﬁi

o =% 0%F 3065 :. 55.8 23,3
=29 ™ ka3 300 RS 57.9 123 $3.7 14,1 16,8
] By 30 pa! ) 3.3 ov.7 39.% 13 2 185,83
el s =5 XA ~h 32.2 a3 2.3 n.% PLASY
L0Br 4, TEprz 2. 28Ty 113.38:=
~,% P L+ S L o S 3.8 e} hki.s 4.7 BT
2 W2 3 30 x4 2. k.3 RS P 5T.% 1i1.2
st 320 380 3% Bo 5.9 3%, 9 =Ry 38,7 136.%
33.5 .t w2 o R

S,
K
ngt

i
&

!

L s)e 4 M xo% 3BOF 0 Al ot 3.2 181, .8 4.2 3.3

: %0 i o 30 e 3.7 3. 29,5 533 I3

o 0 440 225 350 e 23.6 i P S. 0 R
el 0 S 125 5 LSS 6.8 LI s Al 3 .

!
§
I
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TABLE XXI

ROOX TEMPERATURE ROCKWELL HARDNESS OF .064 GAGE 2024-73 ALCLAD
SHEET AFTER VARIOUS TEMPERATURB-TINS EXPOSURE CONDITIOKS

Yield Ultimate Hardness
Specinmen Strength trength RB RH
Humber psi psi
241 15380 33850 9645
252 15670 34710 95.9
A3 15560 34440 97.0
2¢29 51730 67Co0 78.0
2c¢30 51566 68280 774
2031 £6830 §0410 65.1
2032 46860 £0380 65.8
2C33 271350 50440 66 .4
2D7 25630 45380 40.4 103.8
2p8 24760 45770 39.1 103.1
2Dg 242290 45450 382 103.3
287 37930 63320 7046
2= 380350 €3370 71.0
282 38030 83320 695
2F0 30000 62040 70.2
2710 £9570 51800 68.6
2¢e 39050 55089 €1e5 110.9
2¢10 5934 35%50 69.0 111.0
2¢11 38870 35805 58.0 110.9
231 igi20 3ISCGh 23 .4 98.9
25¢ 175690 IR0 25.8 98.9
235 17586 338z¢C 23.0 97 .6
28 35010 32830 54.8 1038.1
255 33940 32810 54.1 109.5
2%S 35830 52580 55.1 10c.3
21 35820 855390 T£.3
215 95330 85530 T£.9
218 55270 5537Q 74.0
24 210190 40645 27 .5 102.5
2¥5 20050 33740 26 .3 IS .3
2¥8 18940 33250 24 .1 L.l
2¥5 483580 33440 82 .0
2o £8630 593380 5% %
287 £6930 53519 52 o3
2Pé 59829 TIL7C TS
2p7 58630 %0950 £0.2
2pP8 398230 o7 TG «T 1i5 .0
V1 33759 48850 108.%
2ve - 29540 108 .»
3 - £5690 105 .4
21 26250 58500 73
o %2 453570 59565 68435
- ®: 25 {780 50120 6847

W

v S Vi &
'a'..o‘..v‘.'c'.' A

¥AD" TR 56-535 157
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7AZLE XxI (Comtrd)

Rockwel) Hardness of 064k Gage 202k-T3 Alclad Sheel After
varicus Texpersture-Time Exposure Conditions

b - v
Roce Temperature

1)

T

vigld Ultimate Hardness
Suscizan Strength Strength Ry
Wumbar osi psi
X 16800 59440 66 .0
2R2 47830 59910 67.8
2%3 £3610 60450 68.2
232 42300 66460 69.4
22y £§134 68920 77.0
222 61450 69330 76 «9
2 51880 69690 783
253% 27180 45370 35.6 105.6
2342 25700 45170 £0.0 104.3
2343 25180 45300 34.0 105.6
2582 27430 44670 103.1
a2 23690 £3080 102.8
pg-Exd 24140 41510 101.8
2:0 27350 44190 39.0 104.3
paie 27280 44340 41.5 104 .9
1233 25630 43750 40.2 1022
2002 41550 55850 683
2023 11570 66820 68.8
2221 £1240 66360 69.0
2==2 £1730 56670 69 .4
22=3 21320 67230 70.1
2881 30230 47210 41.6 1057
25=2 29970 47050 42.1 1057
PRI 30160 £7340 42.2 107,80
Ii: 23300 43210 15.9 393
2112 22500 419350 14.9 97 .7
ATI3 23740 41300 16 .6 9G.1%
2533 35720 87500 703 114.3
AR 55630 §&720 7046 114 .3
iy 335510 66380 Tlel 1144
FEL 14450 52530 80.1 1114
FER2 $4110 35020 59.3 11Z.3
SEE3 43310 586990 5844 112.9
s $04 1 £2830 88370 71.0
(- 581 43550 §6510 70.9
- 1093 42970 67500 71.2
. £329 43300 67450 7l.1
" 23z 43717C 65230 71.8
- Potod ££309 65010 T1.4
e {081 42220 $75340 T1leS
® 2572 £403 gHR40 7145
A XELL ££35350 $4540 716
2 zEs2 44530 43530 714
T 2Fie 44700 63540 1.7
o 2622 £4230 47530 703
, 2352 £4380 87530 63.2
&
A
. WADC TR 36-94% 158




TAELE XXI (Cont'd)

Room Texperature Rockwell Hardness of .06L Gage 202k-T3 Alcled Sheet After
Various Temperature-Time Exposure Conditians

Yield Ultimate Jerdness
Specimen Strength Strength RB
Rumber psi psi
2HC1 44380 67810 112.5
HC2 44080 €7910 70,2
21C1 44880 68810 T1i.3
21¢2 44670 68970 T146
23¢C1 43610 66510 69.8
25¢2 43610 6C670 70.2
2rCl1 43690 66620 595
23¢c2 43830 67280 7C.C
2101 43940 57550 722
2L¢ 43960 £7720 7C.S
2NC1 43830 S T750 TO &
2¥c2 43400 5F798 T8
2HC1 £4750 58870 58.7
2hHC2 £4460 §84£60 Tle2
20C1 £5220 538980 71.5
20¢2 45120 §9149 Til,.3
2PC1 45500 69360 Tile4
2PC2 £4780 581CC 70.1
23C1 45120 58218& i12.0
2202 £4920 88310 113.3
¥aDT TR 56-585 152
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TABLE XXII

ROCM TEMPERATURE ROCKWELL HARDEESS GF .06k GAGE TCTS-T6 ALCLAD SEEST AFTER
VARIOUS TRPERATURZ-TIME EXPOSURE CONDITIORS

Specimen Yieid Ulticate Eardness

Inz=pber Streazth Strength Ry Rg
psi ©si

AL 12650 3260 2.6

122 1380 32300 g2.3

743 1k200 e 91.3

TC3% 55060 65910 73.3 115.8

€35 33770 65900 T4.5 115.5

™21 54370 66340 T2.% 12:.8

™2 2557C 51k0 37.3 3105.1

™23 25850 5E150 35.6 10%.8

028 235820 5250 36.2 10k.2

=38 62550 72640 77.6

739 62700 72 19.5

75O 62700 72830 18.€

766 35170 53280 55.5 i10.0

= 36130 53550 56.1 110.%

T82 35970 51610 53.6 109.6

Tik 65600 76910 8i.0

715 65320 77160 19.3

TI5 65560 T7000 80.5

=7 63220 75850 8.3

T8 63690 75650 79.1 116.3

Tl 63660 71350 81.5

T™6 18330 37760 97.8

T8 18530 375080 5.0

70% 64080 75000 81.0

1 €6020 7€2 1.5 116.6

P11 £576C 7€210 8.2

P12 2333iC 0190 162.0

7213 23310 %0630 102.3

TR 35C52 56650 55.0 109.%

Ig2 3510 0810 53.7 109.5

]R3 35790 50220 53.8 105.1

T=2 36010 656390 75.6

=3 55950 65610 7%.9

Tzh 55710 66520 13.5

7153 67350 76550 81.9

To% 67350 76560 82.3

705 67500 76720 81.0

Tv% 54660 65970 Th.2

5 55350 65670 753

T®3 53260 64550 Th.4

TwE 53630 65950 4.0

™5 55290 £6190 T3.%

WADC TR 56-385 160
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hY
TAEE XALY (Cons'a}
- Room Texmersturc Rockwell Esrdness cf _06% Gage TOTS~TO Alclad Sheat After
. ¥Yaricss Terperature-Tize Ixposurs Ccaditions
4
= Specizen Vielis Viitzate Eardneas
] Kuzber Sireasth Sirengih By B
- psi sd -
- TA3 20100 375 85,8
X8 1 37T 6.6
TG 1Tico 37500 g7.0
17270 3K750 95.7
R 17650 35929 9.5
: TY3 1710 35650 93.C
: 722 72200 83.7
- 72 61610 72750 8.4
~Z3 £2020 7250 2. n
‘ 7AAL 23230 L2880 3.4 103.8
- 72582 2380 k33 33.8 ios.
7443 25770 53560 13.2 103,7
- 7231 25700 k2720 102.1
t- = 26300 3290 19k .0
~L 733 26590 %2930 62.7
7CCL 26530 22230 8.3 103.6
FcC2 26330 42370 30.6 102.7
TeC3 2£200 2330 26.6 103.7
i .2 16,k
“DEz 0.9 nsé.2
== 37820 52220 38.6 111.0
=z #1170 52370 55.5 112.3
= 3E&0 52505 5¢.6 110.3
771 13530 33670 ok,
TFF2 1520 35190 5.0
73 151¢0 35130 g%.6
TG 20330 3670 23.c 101.1
T2 20690 37260 15.8 301.1
T3 20632 37190 20.3 1c3,
TERL 27270 53550 51.9 105.0
=2 27320 %3%80 39.5 06,1
TaES} 27356 53456 35.5 106.3
RIT 323% 63090 £0.0 1c6.0
Tz €2:59 630%0 8i.S 105.3
7223 61630 65300 8i.5 1065
Tood 38880 525% 57.2 130.6
Tov2 38850 52870 55.0 im.o
7993 35%00 52510 s%.2 130.6
Tace €£720 78310 83.2
=1 64520 17550 83.%
=2 65590 77730 82.5
ToCoi €601s 76970 2 8
ivler- &5580 768350 81.8
WAIC TR $5-383 163




TARLE XXI1I (Cont'ad)

ROMM TEMPERATURE ROCKWELL EARDNSSS OF .CH% GAGE T075-T¢ ALLIAD SE=ERT APTER
VARIOBS TAMTERATURE-TIME EXPCSURE COADITIONS
Tield Uitimats Sardnssa
Spazizen Strengin trengta Ry R
Humbar psi psi =
i 23 £6240 77330 8le4
D32 85720 77659 B2.4
- TEC1 56840 78550 80.5
. T*CL 67580 78500 8Q.3
- - P2 86350 73130 80.3
. 7GCL 58820 TI380 80.4
- 7622 656450 77300 72.8
. TET1 £6880 78130 21.1
] 7337 66020 77820 82.3
7IC1 65880 77360 79.90
7102 535640 76610 TG 2
7J3C1 57250 77850 83.0
73C2 57250 77850 82.0
72C1 67300 73230 80.5
7X02 66940 78500 81l.7
TLC1 85500 78320 8l.2
M3 65320 77440 82.2
TPC1 67470 78690 835
7PC2 6742 78780 83 .8
T]QeC2 67040 77520 83.2
7RC2 §7830 78520 83.8
7SC1 87420 79520 8.8
73C2 68310 79420 Bl«5
TTCL 58210 78430 g20.8
TFIC2 525690 78750 B1l.3
TGC1 €2:50 79200 Bl.3
7TGC2 682<0 79500 81.0
WX 2 36585 162
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